Electrophysiological and hemodynamic correlates of processing isolated faces have been investigated extensively over the last decade. A question not addressed thus far is whether the visual scene, which normally surrounds a face or a facial expression, has an influence on how the face is processed. Here we investigated this issue by presenting faces in natural contexts and measuring whether the emotional content of the scene influences processing of a facial expression. Event-related potentials were recorded to faces (fearful/neutral) embedded in scene contexts (fearful/neutral) while participants performed an orientation-decision task (face upright or inverted). Two additional experiments were run, one to examine the effects of context that occur without a face and the other to evaluate the effects of faces isolated from contexts. Faces without any context showed the largest N170 amplitudes. The presence of a face in a fearful context enhances the N170 amplitude over a face in neutral contexts, an effect that is strongest for fearful faces on left occipito-temporal sites. This N170 effect, and the corresponding topographic distribution, was not found for contexts-only, indicating that the increased N170 amplitude results from the combination of face and fearful context. These findings suggest that the context in which a face appears may influence how it is encoded.
Introduction
In everyday life, faces, just like objects, appear within a natural environment. It has been shown previously that natural contexts play an important role in the recognition of objects. A football player, for instance, is usually seen in a football stadium, and his presence is rather unusual in other contexts (Davenport and Potter 2004) . If the probability is high that a certain context surrounds a visual object, the processing of that object is facilitated, whereas unexpected contexts tend to inhibit it (Palmer 1975; Ganis and Kutas 2003; Davenport and Potter 2004 ; but see also Hollingworth and Henderson 1998 ; see for a review Bar 2004) .
Context influences have been investigated by varying the semantic relationship between a target object and its background context. In such experiments, an object is embedded either in a context in which it is highly expected (congruent object--context compounds) or in a context in which it is highly unexpected (incongruent compounds). Objects that were placed in semantically congruent contexts were recognized more accurately (Davenport and Potter 2004) and faster (Ganis and Kutas 2003) than objects in semantically incongruent contexts. Further, the time course of these context effects was related to a decrease in the N400 when target object and context were congruent (Ganis and Kutas 2003) . These findings indicate that knowledge about the visual world may influence our expectations of what objects should appear in a visual scene (Bar 2004) .
A different factor that may influence stimulus processing besides semantic congruency between target object and context is the presence of emotional information Smith, Henson, Dolan, and Rugg 2004) . Emotional scenes are rapidly evaluated by the visual system for both biologically (e.g., snake) and artificially (e.g., gun) salient elements. Fast evaluation of salient stimuli is reflected in a prioritizing of threatening scenes, as is seen in rapid gaze shifts (Calvo and Lang 2004) and faster response times for the detection of fear-relevant pictures (Ö hman and others 2001) as well as enhanced P1 amplitudes for threatening scenes (Smith and others 2003; Carretie and others 2004) . Further, singleneuron responses in the right ventral prefrontal cortex for aversive scenes diverge from neutral scenes at around 120 ms (Kawasaki and others 2001) .
Similarly, studies have shown that facial expressions can be discriminated from each other rapidly (White 1995) . In electrophysiological studies, it was observed that the N170 amplitude is larger for faces than for other objects (Bentin and others 1996; Itier and Taylor 2004a) . The N170 is considered to be associated with structural encoding of the face (Bentin and others 1996; Eimer 2000) and may be insensitive for facial expressions (Eimer and Holmes 2002; Holmes and others 2003) . However, recent studies indicate that the N170 amplitude increases to fearful expressions (Batty and Taylor 2003; Stekelenburg and de Gelder 2004) . The N170 is also sensitive to social relevant properties of the face (Pizzagalli and others 2002) . Furthermore, effects of facial expression have also been observed at earlier components (~100 ms) at occipital (Pizzagalli and others 2002; Batty and Taylor 2003; Eger and others 2003) and frontal electrode sites (Eimer and Holmes 2002; Holmes and others 2003) , and inferior occipital sources have been found by magnetoencephalography at 110 ms after stimulus onset (Halgren and others 2000) . Further, the extrastriate regions of the brain respond to the emotional intensity of facial expressions, which implicates that visual areas are involved in the emotional analysis of stimuli (Surguladze and others 2003) . Thus, the available evidence indicates that the emotional content of faces as well as of scenes is discriminated from neutral content at an early stage of processing. A few studies have already explored the electrophysiological (Guillaume and Tiberghien 2001; Tsivilis and others 2001; Rousselet and others 2004) and hemodynamic (Yi and others 2004) correlates of processing faces and objects in neutral contexts. The influence of emotional contexts on processing faces has not been investigated thus far.
In the present study, we focused on the early electrophysiological correlates (P1 and N170) of facial expressions embedded in emotional contexts. Our hypothesis was that because both emotional attributes of faces and of scenes influence perception, the combination of emotional faces and emotional contexts might increase processing of faces in contexts. If fearful faces are accompanied by a fearful context, the amplitudes of the P1 and N170 components may increase.
Method
Participants Twelve neurological healthy participants (10 females) with normal or corrected-to-normal vision volunteered (M = 21.1 years). All gave informed consent. Ten were right handed.
Materials and Procedure
Stimuli consisted of 24 face photographs (6 females and 6 males posing a fearful or neutral expression) taken from a validated image database (Ekman and Friesen 1976) and 12 scenes used as contexts (6 fearfulrelated contexts, e.g., knife, crashed car, injection needle; 6 neutral contexts, e.g., house, sofa, guitar). Scenes were selected from the International Affective Picture System (Lang and others 1999) and complemented with scenes found on the Web. Participants were not familiar with the selected stimuli.
The pictures were evaluated by another group of subjects (N = 15) on arousal (9-point scale from 1 = calm to 9 = extremely arousing) and valence (1 = very unpleasant to 9 = very pleasant). Emotional arousal rates of the fearful pictures were reliably different from the neutral pictures (fearful M = 7.31, SD = 0.64; neutral M = 3.77, SD = 0.64; t (14) = 14.33, P < 0.001). Fearful pictures were evaluated significantly different on emotional valence than neutral pictures (fearful M = 3.43, SD = 1.23; neutral M = 6.28, SD = 0.67; t (14) = 7.08, P < 0.001). Every fearful picture was evaluated as being more unpleasant and more arousing than any of the neutral pictures.
All stimuli were gray-scale pictures. Faces were overlaid on the center of a context stimulus in such a way that the faces did not occlude the critical parts of the context (Fig. 1) . The height and width of the facial images were 6.5 3 4.5 cm (4.7°3 3.2°) and for context images 20 3 30 cm (14.3°3 21.2°), respectively. Participants sat in an electrically shielded cabin at an 80-cm distance from the monitor.
This study comprised 3 experiments: a main experiment in which face--context compounds were presented and 2 additional experiments containing faces-only and contexts-only. The order of the 3 experiments was counterbalanced across participants. All individual experiments were preceded by a short training session to get familiarized with the procedures.
The face--context compounds were shown for 500 ms (Fig. 1 ). Stimuli were followed by a central fixation cross which was presented for 700 ms. Participants performed an orientation-decision task, in which they had to indicate the orientation of the face (upright or inverted) by Figure 1 . Designs of (a) faces in context, (b) contexts-only, and (c) faces-only experiments. Participants were instructed to indicate the orientation of the face in the faces in context and faces-only experiments. Participants had to detect a target trial (i.e., telephone) among context trials in the contexts-only experiment. pressing 1 of 2 buttons after disappearance of the fixation cross. This delay in response was used in order to avoid contamination by motorresponse--related artifacts. The orientation task was chosen to prevent any task-related effects for emotions in face or context. Compounds were created of fearful faces with fearful contexts and neutral contexts and neutral faces with the same fearful contexts and neutral contexts. These compounds were created for upright and inverted faces, resulting in 8 conditions. Each condition contained 72 unique face--context combinations. Stimuli were delivered in 3 separate blocks of 192 trials. Each of the blocks contained each condition equally (i.e., 8 3 24 face--context combinations).
In the contexts-only experiment, the same context stimuli were presented, but without faces, and target trials (i.e., a telephone) were presented. Participants were instructed to press one button when the target trial was presented and the other button for a nontarget context. The nontarget context stimuli were the same stimuli as the backgrounds in the face--context experiment. We hypothesized that if contexts influence event-related potential (ERP) components of face processing, then this ERP effect should be different from potentials generated by contexts-only.
Another experiment was run to control for the effects of face stimuli separate from context. The same face stimuli but without contexts (i.e., faces-only) were presented to provide a baseline against which faces with contexts could be compared. The face stimuli were overlaid on a gray background, similarly sized to the face and background in the face--context experiment. As in the face--context experiment, participants had to indicate the orientation of the face. All other specifications are similar to the face--context experiment described above. We hypothesized that if contexts affect face processing, the ERP components for faces-only could be differentiated from components generated for faces in contexts.
EEG Recording
EEG was recorded from 49 locations using active Ag--AgCl electrodes (BioSemi Active2) mounted in an elastic cap, referenced to an additional active electrode (Common Mode Sense) during recording. EEG signals were band-pass filtered (0.1--30 Hz, 24 dB/Octave). The sampling rate was 256 Hz. All electrodes were off-line referenced to an average reference. Horizontal electrooculographies (EOGs) were recorded from 2 electrodes placed at the outer canthi of both eyes. Vertical EOGs were recorded from electrodes on the infraorbital and supraorbital regions of the right eye in line with the pupil. Raw EEG data were segmented into epochs starting 100 ms before stimulus onset to 900 ms after the stimulus onset. Data were baseline corrected to the first 100 ms of the epoch.
After EOG correction using the algorithm of Gratton and others (1983) , epochs with amplitude exceeding 100 lV at any channel were rejected from analyses. ERPs were averaged for each condition. Only trials on which subjects responded correctly were averaged. For the contexts-only experiment, nontarget trials were averaged in order to compare ERPs for contexts-only with faces in contexts. The target trials were shown infrequently to maintain fixation and attention and were therefore not analyzed. Electrode selection was based on previous studies showing maximal amplitudes for P1 and N170 on these sites (Batty and Taylor 2003; Stekelenburg and de Gelder 2004) . Peak latency and amplitude of P1 were scored at occipital sites (O1/2) and parietooccipital sites (PO3/4) as the maximal positive peak in the time window 100--150 ms with respect to baseline. For N170, peak latency and amplitude were scored at occipito-temporal sites (P5/6, P7/8, and PO7/ 8) as the maximal negative peak in the time window 140--220 ms (for electrode positions, see Fig. 2 ).
Analyses P1 and N170 latencies and amplitudes for faces in contexts were analyzed with multivariate analyses for repeated measures containing the within-subject factors' facial expression (fearful, neutral), context emotion (fearful, neutral), hemisphere (left, right), and electrode position.
Additional comparisons were made for the faces-only and contextsonly experiments. First, for faces-only, fearful/neutral faces in contexts were tested against fearful/neutral faces without a context by adding the factor context presence (present, absent). Second, for contextsonly, the effects of faces in fearful/neutral contexts were tested against fearful/neutral context without a face by adding the factor face presence (present, absent). Scalp topographic distributions were then analyzed for the N170 component for the comparison of faces in fearful/ neutral contexts with fearful/neutral contexts-only. Difference waves (i.e., fearful contexts -neutral contexts) were calculated separately for faces in context and contexts-only. Amplitudes were vector normalized according to the method described by McCarthy and Wood (1985) and subjected to repeated-measures analysis of variance (ANOVA). Additionally, difference waves (i.e., faces in context -context-only) were calculated to test scalp distributions of fearful contexts against neutral contexts. P values were corrected by Greenhouse-Geisser epsilon correction, if appropriate. Statistics are indicated with original degrees of freedom (Picton and others 2000) .
Finally, face inversion effects for P1 and N170 latencies and amplitudes were analyzed with repeated-measures ANOVA containing the within-subject factors' facial expression (fearful, neutral) and orientation (upright, inversion).
Results

Behavioral Results
Performance on the orientation-decision task (upright vs. inverted) was nearly flawless. The accuracy for upright faces was 99.2% and for inverted faces 99.1%. No significant differences were found among any of the conditions (P > 0.05). Response times were not analyzed because of the delayedresponse paradigm. 
P1 Latency
There was a main effect of facial expression (F (1,11) = 9.09, P < 0.05) in that latencies were prolonged for fearful (135 ms) as compared with neutral (133 ms) faces. No main effect of context emotion was observed (P > 0.05). The factor face presence was added to the analysis to test whether contexts with faces could be differentiated from contexts without faces. The interaction between face presence and context emotion was near significance (F (1,11) = 4.15, P = 0.07). Post hoc comparisons showed that latencies were prolonged for neutral context containing a face (135 ms) as compared with neutral contexts without a face (129 ms) (P < 0.05). Furthermore, faces in contexts were compared with faces without a context. Latencies did not vary significantly as a consequence of context presence (all P values > 0.05). The latency difference between fearful and neutral faces was not significant for faces without any context (P > 0.05).
P1 Amplitude
No effects were found for facial expression (P > 0.05). The main effect for context emotion on P1 amplitude was marginally significant (F (1,11) = 4.04, P = 0.07), reflecting increased amplitudes for faces accompanied by fearful contexts (10.91 lV) as compared with neutral contexts (10.28 lV). However, this effect was not specific for faces in context as there was no significant interaction between context emotion and face presence (P > 0.05).
A main effect was found for face presence (F (1,11) = 26.28, P < 0.001) as amplitudes were larger for contexts in which a face was present (10.59 lV) than absent (9.52 lV). The amplitudes were marginally increased for faces without a context (11.76 lV) compared with faces in a context (10.59 lV) (F (1,11) = 3.84, P = 0.07), reaching significance on the posterior electrodes O1/2 (P < 0.05). Like faces in context, no main effects were found for facial expression without a context (P > 0.05).
N170 Latency
Latencies did not vary significantly as a consequence of context emotion (P > 0.05). A main effect was observed for facial expression (F (1,11) = 12.13, P < 0.01) as reflected by longer latencies for fearful faces (186 ms) than neutral faces (182 ms). The factor facial expression had a significant interaction with hemisphere and electrode position (F (2,10) = 6.42, P < 0.05). Post hoc comparisons showed that latencies for fearful faces were longer than neutral faces on each electrode but reached significance only for the right electrode P6 (P < 0.05). Latencies did not vary as a consequence of face presence (P > 0.05).
For faces-only, latencies were longer for fearful faces (189 ms) over neutral faces (182 ms) as well (F (1,11) = 29.28, P < 0.05). This difference was significant at each electrode (P < 0.05).
N170 Amplitude
The factor electrode position showed a main effect (F (2,10) = 37.39, P < 0.001) as N170 amplitudes were more negative for electrodes P7/8 (-2.22 lV) compared with electrodes P5/6 (+1.74 lV) and PO7/8 (+1.84 lV). No main effects were found for hemisphere or facial expression (P > 0.05). A main effect was observed for context emotion (F (1,11) = 28.63, P < 0.001), but this effect was qualified by an interaction with hemisphere (F (1,11) = 12.16, P < 0.01). Post hoc comparisons showed that N170 amplitudes were more negative for faces in fearful contexts as compared with faces in neutral contexts, but only significantly for electrodes on the left hemisphere (t (11) = 7.90, P < 0.001). As indicated in Figure 3a , N170 amplitudes were more negative for faces accompanied by fearful contexts (-3.34 lV) than those accompanied by neutral contexts (-1.05 lV) on electrode P7 (t (11) = 6.07, P < 0.001) but not on electrode P8 (-2.21 and -2.29 lV, respectively). Indeed, all 12 participants showed this pattern on electrode P7 (binomial P(12/12) < 0.001).
To test whether this effect is truly explained by the face--context combination, comparisons were made to contexts-only. Therefore, the factor face presence (collapsed across facial expressions) was added to the repeated-measures model. First, a main effect was found for face presence (F (1,11) = 8.60, P < 0.05) in that amplitudes were more negative for contexts in which a face was present as compared with contexts in which a face was absent (Fig. 3b) .
Second, an interaction was found between context emotion and face presence (F (1,11) = 12.59, P < 0.01), for which post hoc comparisons showed profound differences between fearful and neutral contexts when a face was present (t (11) = 5.35, P < 0.001), whereas no significant differences were observed between fearful and neutral contexts for which the face was absent (P > 0.05).
In addition, scalp topographies for this interaction were significantly different (F (48,528) = 2.43, P < 0.05) (Fig. 4) . This interaction critically suggests that the observed effects were caused by the combination of face and context and not by contexts-only and may suggest that the underlying sources or relative source strengths are (at least partly) different (Picton and others 2000) . The topography for faces in fearful contexts against faces in neutral contexts were not significantly different (F (48,528) = 2.15, P > 0.05) (see Fig. 4 ).
In addition to the 2-way interaction between context emotion and hemisphere, a 3-way interaction was observed for facial expression, context emotion, and hemisphere (F (1,11) = 5.11, P < 0.05). In post hoc comparisons, it was found that the N170 amplitudes were more increased for fearful faces than for neutral faces, when they were in the presence of a fearful context, but only on left hemispheric electrodes (t (11) = 3.82, P < 0.01). As illustrated for P7/8 in Figure 3 , sharply enhanced negativities were found for fearful faces in the presence of a fearful context on electrode P7 (-4.11 lV) as compared with neutral faces in a fearful context (-2.57 lV) (t (11) = 3.10, P < 0.05). Ten out of 12 participants confirmed to this pattern (binomial P(10/12) < 0.05) on electrode P7, whereas 9 out of 12 participants (binomial P(9/12) = 0.07) showed such an effect on site P8 but that difference did not reach significance on post hoc testing (P > 0.05).
To interpret the effects of faces in context against faces without context information, the effect of context presence was analyzed. As indicated in Figure 3c , a main effect was found for context presence (F (1,11) = 31.48, P < 0.001). N170 amplitudes were more negative for faces in which the context (P7 = -5.73 lV; P8 = -5.92 lV) was absent than faces in which the context was present (P7 = -2.20 lV; P8 = -2.25 lV).
For faces without contexts, a main effect was found for facial expression (F (1,11) = 5.38, P < 0.05). Amplitudes of fearful expressions (-3.25 lV) were more negative than neutral expressions (-2.53 lV). However, the interaction with hemisphere was not significant (P > 0.05).
Inversion Effects
No significant differences were found between upright and inverted faces on P1 latencies and amplitudes neither for faces in context nor for faces-only (P > 0.05). Although a significant interaction was observed between orientation and hemisphere (F (1,11) = 5.26, P < 0.05), this effect was not explained by inversion (P > 0.05) but by amplitudes being larger on right electrodes (12.55 lV) than left electrodes for upright faces (10.97 lV) (P = 0.08).
N170 latencies were prolonged for inverted (189 ms) as compared with upright faces in context (184 ms) (F (1,11) = 15.26, P < 0.01). An interaction between orientation and facial expression was found for the N170 amplitude (F (1,11) = 20.25, P < 0.001). Inversion effects on N170 amplitude were found for neutral faces but not for fearful faces in context. For neutral faces, amplitudes were more negative for inverted (-0.26 lV) than upright faces (0.51 lV) (t (11) = 2.67, P < 0.05), whereas differences were not significant for fearful faces (P > 0.05). Similar results were obtained for faces-only as faces in context. N170 latencies were longer for inverted (196 ms) than upright faces (186 ms) (F (1,11) = 30.30, P < 0.001). Again, an interaction between orientation and facial expression was found for the N170 amplitude (F (1,11) = 7.65, P < 0.05). For neutral faces, amplitudes were more negative for inverted (-3.69 lV) than upright faces (-2.53 lV) (t (11) = 2.26, P < 0.05).
Discussion
We investigated the electrophysiological correlates of perceiving faces in emotional contexts. Several important findings emerge from this study. Firstly, the N170 for face processing is sensitive to the presence of context information, which reduces the amplitude, compared with isolated faces. Secondly and more importantly, the N170 is influenced by the emotional information the context provides. The N170 amplitude was more negative when a face, particularly a fearful one, was presented in a fearful context as compared with a neutral context.
The Influence of Context on Face Processing
A comparison of the ERP components for faces without a context versus faces within a context indicates that early stages of face processing are sensitive to the presence of a context picture. Given the functional meaning of the stage of processing as reflected by the N170, the question arises whether the presence of a context leads to a reduced structural encoding. Previous findings indicate that frontal face views compared with profiles and with faces not clearly standing off from the background yield higher N170 amplitudes (Eimer 2000) . This may indicate better structural encoding for the isolated faces. Likewise, it has been found that N170 amplitudes increase linearly as the level of noise around a face is decreased stepwise (Jemel and others 2003) . The data therefore suggest that structural encoding will be better when faces are shown without a context picture. This functional interpretation of the higher N170 amplitudes should be tested in a subsequent memory experiment. This interpretation is, however, consistent with behavioral data. Higher identification rates have been found for target objects that were isolated from any context information as opposed to targets in either congruent or incongruent contexts (Davenport and Potter 2004) .
An alternative view is that the N170 amplitudes for faces in contexts are smaller than those for isolated faces because of the perceptual load of the context information. In terms of Lavie (1995) , it may be hypothesized that load in processing the target-relevant stimulus (i.e., the face) determines the degree of processing target-irrelevant information (i.e., the context). It was shown that irrelevant distracter letters could interfere with the processing of relevant target letters only if perceptual load was low (Lavie 1995) . Similarly, Yi and others (2004) observed that task-irrelevant scenes activated scene-sensitive areas of the brain (i.e., parahippocampal place area, a region of the medial temporal cortex) only if face discrimination was relatively easy. Perceptual load was in the present study low as well, which is reflected in the high accuracies on the face orientation task. Therefore, it may be hypothesized that the task-related stimulus did not demand all available attentional capacity. The irrelevant context may have captured the remaining capacity.
The context information may capture attention and therefore decrease the N170 amplitude (Holmes and others 2003 , but see also Se´verac-Cauquil and others 2000), which may influence face encoding. A related finding has been reported in a study by Figure 4 . Scalp topography at 180 ms for (a) faces in fearful contexts minus faces in neutral contexts tested against (b) fearful contexts-only minus neutral contexts-only. Although a topographic difference is present between fearful and neutral contexts-only (in b), reflected as a parietal negativity, a similar topography is anticipated if presence of the face had no effect (in a). However, a different topography is seen, with a clear left occipito-temporal negativity and central positivity. (c) Scalp topography at 180 ms for faces in fearful context minus fearful contexts-only tested against (d) faces in neutral context minus neutral contexts-only. A similar topography with clear occipito-temporal negativities is seen. Rolls and others (2003) , in which macaque monkeys were shown objects against either a gray context or against a complex natural scene context. Single-neuron recordings showed that the receptive field (i.e., region of the visual field that causes a visual neuron to respond) of the inferior temporal cortex neurons was reduced if complexity of the surrounding context increased. It was suggested that this is due to attentional competition between object and context processing (Rolls and others 2003) . A similar mechanism may underlie the effects for contexts on face processing in the present study. (It should be noted here that perceptual load could be better distinguished from structural encoding by using phase-scrambled scenes. According to the structural encoding hypothesis, face encoding should not be different in scrambled or intact scenes. The perceptual load hypothesis would still predict stronger competition from the intact scene. However, we decided to select gray backgrounds in order to reliably replicate the design of earlier studies. We thank an anonymous reviewer for this suggestion.)
However, it should be noted that it is unlikely that all attention was dedicated to the processing of contexts-only. The P1 and N170 amplitude were both larger for faces in contexts than contexts-only. Previous data have shown that the P1 and N170 are both increased for faces compared with other objects (Halgren and others 2000; Itier and Taylor 2004a) or scenes (Puce and others 1999) . The time course of these stages of face processing is consistent with single-cell recordings (Sugase and others 1999) . The data implicate that faces were effectively differentiated from their contexts. The data replicate previous findings for the N170 obtained for faces in neutral contexts (Guillaume and Tiberghien 2001; Rousselet and others 2004) .
The Influence of Context Emotion on Face Processing
The central issue of the present study concerns not the extent of structural encoding in isolated versus contextualized faces but the differential effect of emotional contexts observed on P1 and N170. Comparing the ERP components for faces in fearful contexts with faces in neutral contexts showed that the N170 amplitude for faces is sensitive to the emotion in context. N170 amplitudes were more negative for faces in a fearful context as compared with neutral contexts. An additional experiment containing contexts without a face served as a control to show that the differential effects for emotion in face--context compounds were not generated by the contexts-only.
A number of arguments plead against an explanation of the observed N170 effects by contexts-only. First, whereas the critical difference was found on N170 amplitude for faces in fearful compared with neutral contexts, no significant difference was found between fearful and neutral contexts without a face. This difference between faces in contexts and contextsonly was also confirmed by scalp topography analyses. It is therefore unlikely that low-level features of the context have generated these differential ERPs. Second, participants made correct face orientation decisions and presentation of inverted faces resulted in the signature inversion effect of prolonged N170 latencies and increased N170 amplitudes (Bentin and others 1996; Itier and Taylor 2004a; Rousselet and others 2004) . Therefore, these arguments do not support an explanation of differential emotion effects on N170 by contexts-only. We conclude that the findings are critically dependent on the combination of face and context.
An important 3-way interaction was observed between facial expression, context emotion, and hemisphere. N170 amplitudes for fearful faces differed significantly from neutral faces on left occipito-temporal sites, but only if faces were presented in a fearful context. One possible interpretation is that the neutral nature of the context had provided participants sufficient information that no adaptive action was required. Fearful contexts may add important information about the facial expression (see Discussion), which may influence encoding. Future work should address whether congruency effects are present for specific categories of facial expressions (e.g., fear, disgust, and happiness) that are either matched or mismatched with their accompanying contexts.
The finding that face processing is sensitive to the emotional context as reflected in increased N170 amplitudes is consistent with functional magnetic resonance imaging (fMRI) data. Facial expressions of fear and fearful scenes both increase amygdala responses (Hariri and others 2002) and increase the response in the fusiform gyrus (Lang and others 1998; Morris and others 1998; Surguladze and others 2003) . Activation of the fusiform gyrus is associated with the intensity of fearful expressions (Morris and others 1998; Surguladze and others 2003) . Enhanced responses in fusiform gyrus may indicate feedback modulation from the amygdala to the fusiform gyrus (Morris and others 1998; Vuilleumier and others 2004) . As the N170 may have its source in the fusiform gyrus (Pizzagalli and others 2002) its enhancement may reflect feedback modulations from the amygdala to enhance structural encoding. The result that P1 and N170 latencies were prolonged for fearful facial expressions may at first seem counterintuitive. However, slower N170 peak latencies for fear over neutral faces have been reported previously (Batty and Taylor 2003) and may on the other hand reflect prolonged activation to encode available information. Future studies should establish the meaning of peak latencies in processing facial expressions.
The observed effects for the N170 on the left occipitotemporal electrode sites may be related to a predominant response of the left hemisphere to emotion. Although most neuroimaging studies have found a bilateral response of amygdala and fusiform gyrus to emotion in scenes (Lang and others 1998) and facial expressions (Morris and others 1998) or a predominant right fusiform gyrus response (Surguladze and others 2003) , a few recent studies have shown left fusiform gyrus responses (Taylor and others 2003; Kim and others 2004) . Kim and others (2004) have observed left fusiform gyrus responses to sad faces that were cued by negative sentences (e.g., about losing money) compared with positive sentences (e.g., about winning money). The authors propose that right hemisphere responses may be related to the ambiguous valence of some facial expressions, whereas left hemisphere responses may be evoked when valences are clearly determined (Kim and others 2004 ; see also Phelps and others 2001) . In the present ERP study, fearful contexts possibly fill in the ambiguous nature of the facial expressions, which may have introduced the left hemispheric effects. However, further source analyses and fMRI studies should determine the role of the left hemisphere in processing emotions.
Alternatively, the N170 may have its source in the superior temporal sulcus (Henson and others 2003; Itier and Taylor 2004b) , which has been related to social perception (Allison and others 2000) . In threatening circumstances, finer encoding and sustained analysis of faces may be necessary to prepare an appropriate reaction and act adaptively. In accordance with this, in earlier studies it has been shown that the N170 is sensitive to socially relevant cues, such as eyes (Bentin and others 1996) , direction of eye-gaze (Watanabe and others 2002) , facial motion (Puce and others 2003) , biological motion (Jokisch and others 2005) , affective facial features (Pizzagalli and others 2002) , facial expressions (Batty and Taylor 2003; Stekelenburg and de Gelder 2004) , and expressional change (Miyoshi and others 2004) . Consistent with this, several neuroimaging and singlecell--recording studies have shown that the superior temporal sulcus is activated by socially relevant information (Allison and others 2000) .
The N170 component has been related to structural encoding that is utilized for facial identification (Eimer 2000) . The present results do not allow a definite answer to the question whether the larger N170 amplitudes reflect enhanced encoding of either identity or expression of the face, or both, and whether this predicts better recall of facial identity (see Haxby and others 2000) . Similar to studies on the effect of emotional scene context on object recognition and memory, future studies of face recognition need to determine how the presence of an emotional context influences encoding and subsequent retrieval (Erk and others 2003; Smith, Henson, Dolan, and Rugg 2004) .
